Personnel selection is one of the most important problems that organizations have to deal with. Competent personnel is one of the key factors for the success of organizations. Project manager selection due to special requirements is significantly important. A project manager must have the ability of managing costs, time and resources through the optimistic way. Furthermore he/she has to own general management skills and benefit from adequate information about the project context. Project managers in petroleum industry carry very important duties than other project managers. In this research, we try to develop a model in order to select a project manager for petroleum industry. The proposed model is based on multi criteria decision making and a statistical method named principle component analysis (PCA). The methodology considers all of the important criteria and benefit from an experienced expert panel in order to extract the weights of the criteria. Also a numerical example demonstrates the function of the model and is verified by VIKOR method.
Introduction
One of the most important decisions in project management is to choose project managers. Project manager choices may cause failure of a routine project or conversely may cause an unbelievable success in projects with many unforeseen obstacles and problems. As organizations increasingly focus on human assets as a competitive advantage, they expect higher levels of performance from their employees. Schoonover et al. (2001) anticipate the use of competencies as a strategic intervention to continue, and even to accelerate firms' success. Competencies are behaviors that encompass the knowledge, skills, and attributes required for successful performance. In addition to intelligence and aptitude, the underlying characteristics of a person, such as traits, habits, motives, social roles, and self-image, as well as the environment around them, enable a person to deliver superior performance in a given job, role, or situation.
The project manager has specific accountability for achieving the entire defined project objectives within the time and resources allocated. The project manager performs the day-to-day management of the project. One or more assistant project managers with the same responsibilities over specific portions of the project may support the overall project manager, without diluting his or her responsibility. Project managers must demonstrate knowledge, skills and experience commensurate with the size, complexity and risk of the project. Since different levels of competency are required for various levels of project management and project size, the project manager role is divided into three proficiency levels. Depending on the size, complexity and risk of the project, more than one level of project manager may share responsibility for managing the project. The selection of project manager considers the concepts of the project in relation that roles characteristic. This concept contains the typical role of the project manager and links it to the skills that are required by an effective project manager. Interviewing related candidates is one of the techniques concerning human resource selection (Robertson & Smith, 2001) . There are many studies fulfilled in the literature, which are based on interviews, work samples, tests, assessment centers, job knowledge and personality tests in human resource management (Chien & Chen, 2008; Dodangeh et al., 2014) , and in the special case of project manager selection, also we could consider project management (PM) knowledge, social awareness, leadership abilities and stakeholder management as important criteria. But multi criteria decision making (MCDM) techniques were used by only few of them (Dursun & Karsak, 2010) . Traditional personnel selection method used an experimental and statistical techniques approach (Chien & Chen, 2008) . Searching for MCDM, fuzzy logic, and human resource, selection separately has a few results in research databases, but searching for the keywords together results in more researches. In this paper, we consider a number of criteria and related sub-criteria in order to match of project managers of petroleum and gas projects, and because of the potential importance of this industry in countries with huge resources of fossil fuels, these managers should have the essential competencies. The proposed criteria and sub-criteria were identified based on associated references and literature of project management involved gas and petroleum project management.
The most important competencies for a project manager are different in fields but these fields are common in many categories, these categories could contain even a manager's social behaviors or decision making in uncertainty situation. But in practice the essential feature that a project manager should own it genetically is to understand the actual weight of activities and make appropriate decision when several parameters combined each other simultaneously, regarded to the weights and impotency of each activates in the shortest time. Actually modeling and solving it with computer is not only impossible and there is not enough time and resource for everybody.
In this paper we try to consider a new competency body for project manager that is containing core competencies that an efficient project manager should own it. It has been years that many scholars have used MCDM approaches such as AHP, ANP, VIKOR, TOPSIS and etc. for personnel selection problems and their solutions were satisfactory. In this paper we propose a multi criteria decision making algorithm, which has been widely accepted multi-attribute decision making technique and is based on network analysis. The outputs of principal component analysis (PCA) would be ANP's Inputs. We proposed principal component analysis (PCA) to reduce the size of the problem. PCA was invented in 1901 by Karl Pearson. As an analogue of the principal axes theorem in mechanics; it was later independently developed and named by Harold Hotelling in the 1930s. The method is mostly used as a tool in exploratory data analysis and for making predictive models. PCA can be done by eigenvalue decomposition of a data covariance (or correlation) matrix or singular value decomposition of a data matrix, usually after mean centering (and normalizing or using Z-scores) the data matrix for each attribute (Abdi & Williams, 2010) . The results of a PCA are usually discussed in terms of component scores, sometimes called factor scores (the transformed variable values corresponding to a particular data point), and loadings (the weight by which each standardized original variable should be multiplied to get the component score) (Shaw, 2003) . Schoonover et al. (2001) conducted a study to determine how organizations are actually using competency data and to provide insights into real-life practices that lead to success. A competency model is defined as "a descriptive tool that identifies the knowledge, skills, abilities, and behaviors needed to perform effectively in an organization" (Chung-Herrera et al., 2013) . Jabar et al. (2013) made an investigation on initial information related to the competency of construction managers in the context of Industrialized Building System (IBS) construction project in Malaysia. Peerasit and Milosevic (2008) proposed interdependency management, multitasking, simultaneous team management, and management of inter project process as list of competencies that multiple project managers should possess. Hadad et al. (2013) proposed a decision making support system (DMSS) module for selecting project manager and demonstrated its implementation. The selection method was based on their past performance in the relative projects. In Zhang et al. (2013) , a well-established competency model has been adopted from human resource management theories framework to examine the social competencies of construction presented. They identified and explained patterns of similarities and differences among applied career models for project managers, and also outlined two archetype of career models applied by the firm under study, competence strategy model and talent management model (Bredin & Söderlund, 2013) . Obradovic (2013) proposed a theoretical method that research project manager's emotional intelligence and their professional success. Dodangeh et al. (2014) developed a model regardless to the dependency of criteria using fuzzy linguistic variables with multi-criteria decision making in order to in personnel selection. Zavadskas et al. (2008) completed a model based on multicriteria evaluation of construction managers. They offered a multiple criteria method of complex proportional assessment of alternatives with grey relations for analysis. The MCDM has been used in selecting project managers. Chen and Cheng (2005) developed a fuzzy MCDM method for information system project manager selection. Bi and Zhang (2006) analyzed the significance of choosing an eligible project manager in their study. They used fuzzy AHP which was based on triangular fuzzy numbers in order to access quantitatively the ability and quality of each project manager. Mufti et al. (2016) made a research attempts to explore the human resource competencies of banking sector employees in Pakistan. Human resource competency survey model encompasses strategic contribution, business knowledge, personal credibility, human resource delivery and technology, incorporated in this study. Heris and Rostami (2015) proposed a fuzzy TOPSIS method in order to evaluate some well-known project management standards, but did not consider enough criteria. Xu and Lin (2016) used in their paper a hybrid PCA-DP technique to select public transit city in Xiamen city. The research of Afshari et al. (2012) aimed to develop a fuzzy MCDM model for linguistic reasoning under new fuzzy group decision making. In the literature review of the project manager selection field many papers have been published to handle the decision making problem. In these kinds of papers, operation research, artificial intelligence fields, expert systems, fuzzy linguistic variables, neural networks, and MCDM techniques have been used as methodologies. In order to describe the method transparently we divided the process of the problem into 5 different steps that each individual one of them has its own description and sub-sections.
Literature Review

The propsoed model
Model Definition
MCDM is one of the well-known topics of decision making analysis method. MCDM is a sub-discipline of operations research that explicitly considers multiple criteria in decision making environments. Structuring complex problems well and considering multiple criteria explicitly lead to more informed and better decisions. There have been important advances in this field since the start of the modern multiple-criteria decision-making discipline in the early 1960s. The proposed model consists of three different MCDM methods; namely AHP, TOPSIS and VIKOR, and a statistical reduction process, principal component analysis or PCA has been used to reduce the computations. The proposed model is summarized as follows, PCA is a way of identifying patterns in the correlated data and expressing the data in such a way to highlight their similarities and differences. The main advantage of PCA is that once the patterns in data have been identified, the data can be compressed, i.e., by reducing the number of dimensions, without much loss of information. The methods involved in PCA are discussed below. The normalized data have then been utilized to construct a variance -covariance matrix M, which is illustrated as below:
where p stands for the number of quality characteristics, and ρ stands for number of experimental runs. Then, eigenvectors and eigenvalues of matrix M can be computed, which are denoted by i V and j  , respectively. In PCA, the eigenvector i V represents the weighting factor of j number of quality characteristics of the j ...
It is to be noted that every principal component ψj represents a certain degree of explanation of the variation of quality characteristics, namely, the accountability proportion (AP). When different principal components are accumulated, it contributes the accountability proportion of quality characteristics. This is denoted as cumulative accountability proportion (CAP). In the present work, the composite principal component ψ has been introduced as the combination of principal components with their individual eigenvalues. This composite principal component ψ serves as the representative of multi quality responses, called multi composite quality indicator. If a quality characteristic Qj strongly dominates in the j th principal component, this PCA becomes the major indicator of such a quality characteristic. Note that one quality indicator may often represent all the multi quality characteristics. TOPSIS method is one of the best grading methods in MCDM and it is based on the concept that the chosen alternative should have the shortest geometric distance from the positive ideal solution and the longest geometric distance from the negative ideal solution. Method is presented in Chen and Hwang (1992) , with reference to Hwang and Yoon (1981) . The TOPSIS procedure consists of the following steps:
TOPSIS method
1-Calculated the normalized matrix; the normalized value Xij calculated by following phrase:
2-Calculate the weighted normalized decision matrix. The weighted normalized value Vij is calculated as: 4-Calculate the separation measures, using the n dimensional Euclidean distance. The separation of each alternative from the ideal solution is given as:
5-Calculate the relative closeness to the ideal solution. The relative closeness of the alternative:
6-Rank the preference order.
Research Methedology
Algorithm
The algorithm of project manager selection has been illustrated in the Fig. 1 and it shows a comprehensive vision of our policy in the selection policy. In this part, model, inputs, processes, outputs, are systematically outlined in the flowchart of modeling process for project manager selection. Different phases are explained as follow:
Fig. 3. Algorithm of project manager selection
Phase 1
•Select related criteria and sub-criteria.
Phase 2
•Calculating the importance weight of each criterion by experts based on.
Phase 3
•Make surveys from candidates.
Phase 4
•Using PCA method in order to reduce problem dimensions.
Phase 5
•Using Topsis method to find the best alternatives and testify it with VIKOR.
In the first phase, we extract the criteria and sub-criteria based on expert opinions, PMBOK and related references. And members of expert panel who have significant experiences tried to introduce the selected criteria involved in project management. In the second phase, the weights of criteria will be calculated, the calculations are based on expert's opinions. In phase three, we do a survey in order to complete the competency tables that will explain them in the following sections. Phase four is associated with PCA method with SPSS software; in this part we will use PCA method to reduce the problem's diminutions. Phase five shows the final part which is the utilization of ANP method in order to rank the best alternatives.
 This document details the core competencies, or basic skills, required by a person managing Gas and petroleum project (GAPP). First, the PM must have skills in general management. Skills such as leadership, negotiation, communication, team building and other human resource management skills are necessary in any management position.  Second, the PM must have knowledge of the generally accepted project management areas, such as project scope management using a work breakdown structure; project time management using Gantt and program evaluation and review technique (PERT) methods; and project cost management using budgeting and accounting methods.  Third, the project manager of Petroleum and gas project should have these project management skills.
In this paper, we have divided the management of projects into the three management abilities, that a project manager should own them. Also we consider the P&G project management abilities and sharing with other management categories. The three areas illustrated in Fig. 2 complement and build on each other. For example, the PM of a PETROLEUM project must plan the scope, time and cost of his or her project using skills detailed in the Project Management section. Then the PM may have to form an effective development team to implement the plan. For this, the PM needs basic team building skills, as detailed in the General Management section. A PETROLEUM development team, however, must be formed in a very specific fashion: it must be small; it must have a combination of very specific skills; it must grow and shrink with the phases of the software project; and the appropriate IT tasks should be delegated. The skills required to do this are detailed in the Petroleum Management section. Availability for the project On of the most important role of a project manager is to be accessible to make decision in the project duration Based on the experts' panel opinions and the information gained from references, the criteria have been prepared as follow: Project management skills are organized around the nine knowledge areas described in the Project Management Body of Knowledge (PMBOK) published by the Project Management Institute. The related requirement to Petroleum project management has been extracted from experts. Descriptions of each criterion is illustrated in Table 2 . Each role in project management will require a unique competency gauge, the project leader will require mostly project management skills followed by general management regarded to PETROLEUM project management abilities. Additionally, we rated each skills level on a scale of 0 to 5 as follow:
Descrption and extracting of the criteria
AHP Method
In this section, we used AHP method in order to define the criteria's weights. The comparison between each criteria and sub-criteria has been extracted from expert panel and are shown in the following tables. The first level's comparisons have been shown in the following table and the regarded weight Table 3 An example for "knowledge" criteria of each criteria has been extracted. In the second stage the comparisons between sub-criteria's of the three main criteria has been extracted and weight of each criteria is been calculated either. Table 6 Comparisons in second level, general management Table 8 Comparisons in second level, Petroleum project management
In the hierarchical process of criteria two of the second level of criteria have sub-criteria, so the comparison between them has been completed and the weights of each criteria is calculated in Table 9 and Table 9 Comparisons in third level, knowledge management and technical skills In this part, we validate our criteria in real world. First of all we have chosen a sample and then made a survey from them to extract their abilities and competencies in order to select the best candidate. We use a hybrid of PCA-TOPSIS method in order to select and rank the candidate and to examine the model by another MCDM method VIKOR. In order to confirm our research we performed a survey from 24 experienced project managers and finally 6 of them were chosen to the final selection. The criteria have been extracted from the previous part and these 6 project managers were verified by 25 criteria and the results are shown in Table 8 . We consider for each single criteria an amount of certain weight that has been extracted from an expert panel. Also each criterion has a unique scale from 1 to 5 like the tables that we explained in the previous part. One of the important points in the results is that two of the project managers have not had experiences in the petroleum industry, but because of the other qualifications they participated in the survey. The candidate tables and complete weighted matrix is shown in Table 11 anf Table 12 as follows. 
Principal Component Analysis and TOPSIS
Results of PCA
PCA is method that we can restructure our data specifically by reducing the number of variables. We conduct a principal component analysis to determine how many important components are present in the data. Rotate the components in order to make their interpretation more understandable in terms of a specific theory. This conclusion is supported by the scree scree plot in the scree plot we can easily notice that all 25 criteria could be reduced in only 5 new criteria that make our comparison faster and easier. In the 
Results of TOPSIS Method
In this section we use TOPSIS method in order to choose the best project manager by using data that we calculated by analytic hierarchical process and principal component analysis in the previous part. The result of TOPSIS method is shown in Table 15 . The TOPSIS method is explained completely in the previous section and we summarized the whole process and put the final result instead. 
Validation
VIKOR method is one of the most usable multi-criteria decision making methods. It concentrates on ranking a set of alternatives in terms of a set of criteria. Also the criteria could be in conflict with each other. Overall the method is very flexible and can help the decision maker make the final decision better than other techniques (Hwang & Yoon, 1981) . Büyüközkan and Gülçin (2015) evaluated a product development patterns using integrated AHP-VIKOR model, they proposed their model in product development process and concentreated in their model by selecting a suitable patterns for effective PD. A part of their method is similar to our approach. This multi-criteria method is based on Lp-metric to use aggregating function in order to reach compromise (Hwang & Yu, 1981) . S is with a maximum group utility (''majority" rule), and the solution obtained by min C2. Acceptable stability in decision making: Alternative A must also be the best ranked by S or/and R . This compromise solution is stable within a decision making process, which could be ''voting by majority rule" (when . Here, v is the weight of the decision making strategy ''the majority of criteria" (or ''the maximum group utility"). The results of VIKOR is show in the following table briefly: Table 16 VIKOR result shown in Table 16 . It shows that the first and the second candidate are not different in both methods but other candidates ranking are different.
Table 16
Comparing the result #5 #3 #4 #1 #6 #2
PCA-TOPSIS #5 #3 #1 #4 #2 #6 VIKOR Staffing problem is one of the most challenging activities in the organizations, especially if the criteria or alternatives are large. The process of calculating is going to be very hard and time consuming. The proposed model is very useful for staffing problem that have many criteria and alternatives. This method is based on statistical process that reduces the size of criteria and extract the effective criteria and make the selecting process easier. The method could be verified by any MCDM methods. In this paper, we have tested our model by VIKOR method that is a very common method in multi criteria decision making problems. The results have shown that there was a little difference in the results of VIKOR and PCA-TOPSIS method and they were not significant enough to affect the process of selecting manger of the petroleum industry. The proposed process is very helpful when we encounter too many criteria and we do not know that all which ones are might not be effective or which ones are very crucial. PCA can reduce the size of criteria and make the process very easily to deal with.
